Extracts. Cell-free extracts were prepared by grinding with alumina and extraction with a solution of cysteine hydrochloride (0.001 M) and KCl (0.12 M) at pH 7.0, followed by centrifugation at 15000 X G for 1 hr, giving about 20 mg protein/ml as measured by the TCA precipitation method of Stadtman et al. (1951) . Dialysis, where specified, was carried out against 0.005 M cysteine and 0.02 M Tris buffer (pH 7.4) for 15 hr at 0-2 C, with one change of dialysis solution after the first 3 hr.
Hydroxamic acid was determined by the method of Lipmann and Tuttle (1945) . Acyl derivatives were trapped and determined by the hydroxamate method (Lipmann and Tuttle, 1945) , and were identified by paper chromatography of the hydroxamates (Stadtman and Barker, 1950) . Materials. Succinyl-, acetyl-and propionylCoA were prepared by the method of Simon and Shemin (1953) . Propionyl and acetyl phosphates were kindly supplied by Dr. M. I. Dolin of this laboratory. CoA was obtained from Pabst Laboratories, and chromatographed potassium ATP from Sigma Chemical Co.
RESULTS AND DISCUSSION
The following equations will be referred to in the text.
(1) Succinate + ATP -) succinyl-P [+ ADPJ (Veillonella) Resting cells of P. pentosaceum and V. gazogenes actively decarboxylate succinate anaerobically with the stoichiometric formation of propionate and C02 (Johns, 1951a , 1951b , and Delwiche, 1948 .
Cell-free extracts of P. pentosaceum rapidly decompose succinate anaerobically with the formation of propionate, but with only small amounts of CO2 appearing. V. gazogenes extracts, on the other hand, actively decarboxylate succinate anaerobically, producing stoichiometric amounts of propionate and C02 (Phares et al. 1956 ). Nevertheless, cell-free extracts of both organisms have the ability to "activate" succinate, propionate and acetate, as shown in table 1 (hydroxamate formation, Reactions 3, 11, 12, 8 and 9) . In the case of P. pentosaceum it is seen in table 2 that CoA and ATP were necessary for the "activation" of these substrates; however, in the case of V. gazogenes, as previously reported by Whiteley (1953a) to the results of Whiteley (1953c) ; small amounts only were found, which could easily have been formed enzymatically during the 10-min incubation with NH20H. Magnesium was required for activation by P. pentosaceum (table 4) . The production of C02 from succinate by fresh Veillonella extracts required ATP in catalytic amounts only. By means of starch electrophoresis (Rotman and Spiegelman, 1954; Kunkel and Slater, 1952) , succinate-and acetate-activating enzymes were separated from P. pentosaceum extracts, and were shown to comprise separate and distinct systems. Thoroughly dialyzed Veillonella extracts carried out an arsenolysis of succinyl-CoA (Reactions 2 and 4; data in table 5). Dialysis was necessary to eliminate transphorase-type reactions with fatty acids.
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The succinyl-CoA decarboxylase system (Reaction 5) exhibited a number of properties of a sulfhydryl enzyme. The system was protected during storage by sulfhydryl compounds, such as BAL, and could be reactivated by the addition of cysteine; typical sulfhydryl inhibitors, such as mercury, copper and arsenite inhibited 100, 75 and 50 per cent, respectively, in 1 X 10-2 M concentration. There was no inhibition with cyanide, azide or atabrine.
Freshly prepared extracts of V. gazogenes, which required ATP only for activation, produced stoichiometric amounts of CO2 and pro- pionate from succinate; Dowex-1 treated extracts (CoA-free) showed a marked dependence upon CoA for CO2 production (figure 1). We were unable to obtain evidence for succinyl phosphate (Reaction 1) accumulation as ob- Stadtman (1953) and by Lieberman (1954) . Additional Figure B . Stimulatory effect of succinyl-CoA and propionyl-CoA on the succinate decarboxylation system of Veillonella gazogenes. 100 Amoles K acetate, (pH 5.6), 400 pmoles K succinate, 50 ,moles MgSO4, 1.0 ml Veillonella extract (Dowex-1 treated) containing 20 mg protein; substrates at pH 5.6 (succinyl-and propionyl-CoA, as indicated); total volume 3.0 ml; 30 C.
ity by experiments of the type depicted in table 6. The success of these experiments depended upon the fact that propionyl-CoA is stable at 100 C for 7 min, whereas succinyl-CoA is not.
Consistent with a mechanism which would conserve the high-energy bond, it can be postulated that propionyl-CoA reacts with succinate in a transphorase-type reaction (Stadtman, 1953) to regenerate succinyl-CoA (Reaction 7). Using CoA-free preparations of V. gazogenes, with succinate as substrate and catalytic amounts of succinyl-CoA, the rate of C02 evolution rapidly fell off long before succinate was used up. However, as shown in figure 2, the addition of small amounts of either succinyl-CoA or propionyl-CoA catalyzed the rate of C02 evolution. Before stoichiometric amounts of C02 were produced, the rate of C02 evolution diminished as a result of deacylation of the acyl-CoA compounds. Figure 3 presents data on deacylation of succinyl-CoA (Reaction 10) by untreated and treated (dialyzed; Dowex-l-treated) Propionibacteria cell extracts, and untreated Veillonella cell extracts; for comparison, a curve of the nonenzymatic hydrolysis of succinyl-CoA is plotted on the same figure. The half-life of succinyl-CoA at 30 C in the absence of enzyme was 160 min, and in the presence of enzyme was ca. 18 min. Figure 4 . Stimulatory effect of acetyl-P and propionyl-P on the succinic decarboxylase systems of Veillonella gazogenes. 100 punoles K acetate (pH 5.5), 400jumolesK succinate, 50Wmoles MgSO4, 10 jimoles propionyl-P, 10 ,umoles acetyl-P, 0.5 pmole CoA, 1.0 ml Veillonella extract containing 20 mg protein (Dowex-1 treated), in a total volume of 3.0 ml; substrates at pH 5.5; 30 C.
Activation of Veillonella extract with respect to CO2 production also was caused by the addition of either acetyl-P or propionyl-P, as depicted in figure 4. Over and above the activity on succinate in the presence of CoA, both of these compounds were seen to activate strongly the decarboxylation process. In the light of the established necessity of CoA for C02 production, as compared to its nonessentiality for activation in the Veillonella system (i. e., acyl-phosphate formation), it seems necessary to consider transacylation reactions by which the acyl phosphates can be converted to the acyl-CoA derivatives. With acetyl-phosphate, an additional reaction must be invoked in order to explain the conversion of acetyl-phosphate or acetyl-CoA to the corresponding propionyl compounds. Transacylation alone would convert propionyl-phosphate to propionyl-CoA. These transformations are depicted in Reactions 13, 14, and 15 (Stadtman, 1952) . Transacetylation of acetyl-phosphate would form acetyl-CoA, which could be converted to propionyl-CoA through transphorase activity. Propionyl-phosphate would be converted to propionyl-CoA by the action of transacetylase (transacylation). These types of enzymes have been identified in Clostridium kluyeri (Stadtman, 1952) . Whiteley (1953a) also observed the stimulatory effect of acetylphosphate on C02 production with Veillonella extracts. In addition, she gained direct evidence for the presence of transacetylase, by the arsenolysis reaction, as well as with sulfanilamide acetylation experiments.
As depicted in Reactions 5 and 6 the conversion of succinyl-CoA to propionate and C02 appears to involve at least two steps (Phares and Carson, 1955) : first, a decarboxylation reaction yielding propionyl-CoA and a "Cl" fragment of unknown structure; and, secondly, a conversion of the "Ci" fragment to C02. The regeneration of succinyl-CoA by transphorase action (Reaction 7) requires that the acyl-CoA bond remain intact during the decarboxylation process; hence it would be anticipated that the unsubstituted carboxyl group of succinyl-CoA would be the one to undergo decarboxylation. Evidence in support of this contention was gained through a study of the decarboxylation (Propionibacterium extracts) of C14-y-carboxyl-labeled succinyl-CoA (kindly furnished by Dr. D. R. Sanadi, Enzyme Institute, University of Wisconsin), in which it was indeed observed that the unsubstituted carboxyl group was removed.
These reactions are described in detail in a separate publication (Phares et al., 1956) .
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Cell-free extracts of Propionibacterium, obtained by a variety of different techniques, failed to produce CO2 and propionate in stoichiometric amounts from succinate. However, all of the extracts activated succinate and produced propionate. By means of experiments with labeled succinate the mising Cl fragment, which did not appear as C02, was found to exchange into malate, even in the presence of an effective malonate block (Phares et al., 1956 ).
